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A_‘_,-——"f7 Due to the basic nature of military operations, it is sometimes

recessary for Air Force personnel to be exposed to toxic chemicals in their
work environment either as a protracted low-level exposure or as a high-level,
acute exposure.

The application herein proposes to use the anterior eye (cornea and !
conjunctiva? and its sensory innervation as an assay of toxic effects. The
anterior eye has unigue characteristics: its extensive use in toxicology,
permeability, the relative ease of observation, and importance to the input of
visual information. In addition, the eye is unique in that receptors
innervating the cornea differ from those innervating conjunctiva and hence
comparisons of these gopulations will likely be use%ul to assay for deficits
in performance of different types of sensory neurons.

The personnel of Topical Testing have expertise in srowing (and
recording from) neural tissue in culture, as well as the design and
fabrication of specialized equipment used in such studies. This phase I
feasibilicy study will investigate the use of an ocular-neuronal model as an
indicator of toxic insult. Phase II development will establish a model

tissue culture system with an eventual goal of investigating mechanisms to
enhance natural detoxification, ﬂfﬁl C
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> LIST OF ABBREVIATIONS

For the convenience of the reader, below is a list of abbreviations used
in the text of this proposal.

SPS = Standard Pollutant Stimulus




INTRODUCTION
Introduction

As discussed above, the traditional test for toxicity and irritation is
the Draize test in which the chemicals are placed in the eye in an awake
rabbit and the effects of these substances are monitored over a 21 days
period. In recent years the Draize test has been increasingly criticized; and
as a consequence, more tissue culture assays have been proposed to complement,
and perhaps replace, different aspects of the Draize assay.

Topical Testing has proposed a model for the neural component of the
ocular response. Phase I has focused on (1) confirming that published
protocols are adequate to obtain cultures of corneal and conjunctival
epithelium, (2) obtaining co-cultures with neurons, and (3) improving
astablished protocols. In addition, it was necessary to luvestigate various
potential problems with the tissue culture/neural rscording system with the
eventual goal of (4) developing an integrated commercial package (see below,
Commercial Market Assessment), Furthermore, it was found that (5) specialized
data acquisition hardware and software was highly desirable in such a system.

Another goal was (6) to record from single sensory neurons in culture to
determine whether their responses to hyperpolarizing and depolarizing currents
were similar to those obtained in other preparations, Lastly, (7) Topical
Testing has chosen an environmental pollutant to which the neurons in culture
were exposed via a (8) micro-pressure injection system. Pressure injection
has advantages over a general perfusion system in that the injection
concentrates the solution in the micro area surrounding the nerve being
recorded from and hence limits to a great extent the exposure of the rest of
the tissue culture to the pollutant, Therefore, it is possible to record from
a number of neurons within the culture dish without exposing them to a
significant level of toxic material. In this way, toxicity of substances can
be efficiently screened on a number of neurons in a single culture. Because
of the wealth of data that has been accumulated using the Draize test over the
past forty years, it would be useful for the proposed rat model to be compared
to the analogous rabbit model. Such experiments are proposed in the phase II
application outlined below,

One advantage of tissue culture over an in vivo preparation is that
chronic exposures can be obtained in tissue culture with a controlled dose of
pollutant ovsr a specified time period. For example, the neurons can be grown
for a specified number of days and then chronically exposed to the toxin at a
low level before neural recording takes place. Other desigus would include an
acute exposure (analogous to the Draize test) followed by recordings over a
period of time following the acute exposure. Preliminary experiments have
been that investigate the possibility of repeated recnrding from the same
neurons in culture, Furthermore, analogous in vivo preparation would be one
in which the animal is exposed to low levels of toxins then the animal is
sacrificed and its neurons placed in tissue culture, and monitored to
determine whether there are residual effects of toxic exposure that are
retainsd by the neurons in culture, To this end we have conducted experiments
demonstrating that neurons from adult animuls can be cultured.
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An additional advantage of tissue culture is that neurons can be
visualized and studied in isolation, allowing analysis of the cellular process
of toxicological insult in greater detail than otharwise possible. Once the
details of the influence of individual pollutants on neural function are
known, it will be possible to investigate means of reducing or eliminating
their effacts (as discussed above).

SUMMARY OF FINDINGS

The goal of this project was to develop an integrated system (Fig. 1, 2)
for recording from single neurons in tissue culture which would complement
(and in some instances perhaps replace) the Draize toxicological assay with
the eventual goal of supporting a commercially viable system (see below,
Commercial Market Assessment). The system consists of a number of components:

i . Most of the equipm:nt was
commercially available. Microscopic system was found to require four stages
of magnification (40-400X), The low magnification being necessary for
alignment of microelectrode within the petri dish and 400X necessary to
visualize the micropipette as it approached the neuron to be recorded from,
Phase optics were of value in both visualizing the cell bodies and producing
high quality photographs. Preliminary observation suggested the new Hoffman
technology may improve visualization of the micropipette as it epproached the
call. The microscope’s base plate required modification to give maximum
exposure of the petri dish while rigidly holding the petri dish to prevent
mechanical movement. Micropipettes were more reproducible and had finer tips
when produced with a horizontal puller than with vertical pullers. In order
to provide adequate mechanical stability, the micromanipulator system was
found to require remote control for the final penetration of the cell (the Z-
axis coordinate). Mechanical hysteresis was found to be a problem in some

types of manipulators and drift was a limitation of the fluid microdrive that
wis tested,

; . The data acquisition
package evaluated during this proposal was found to be inadequate for
inclusion in a commercial system, Other data acquisition systams will be
evaluated in phase I1. Programs were written to sumple voltage and current
and to analyze the data waveforms. This system was designed to be entered
into a commercial spreadsheet for summary and analysis.

H ulture. Protocols for epithelial (corneal and
conjunctival) and neuronal cultures were teuted and improved. Improvements
include more precise dissection of the neuronal cell bodies and immediate
cooling of the epithelial tissue following dissection., Matrigel and laminen
were compared with collagen as a substrate but were not found to have
significant advantages. To control the area in which cells were cultured,
differsnt sizes of templates were constructed of teflon and placed in the
petri dish before plating the tissue culture cells. Scratch marks on the
collagen surface were found to direct the growth of axon sprouting. Initial
experiments on fetal rats were extended to newborn animals in which it was
sasier to differentiate the trigeminal cell bodies. In addition, cultures of
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rig. 1. Diagrammatic illustration of the experimental setup (Fig. 2)
developed during this phase I feasibility study. The timsue culture (TC)
E:Qparntian was placed in a specialirzred bame plate Lnserted into an Olympus

nverted (OM) microscope (Fig. 3) to which a camara (CA) was attached for
obtaining photographic records. A specialized ground wi' e was lowered into
the TC bath to maintain elactrical connectivity (Fig. 4,. A microplpette was
placed in an electrical half cell (E2) and then carefully lowered into the
solution using a micromanipulator system (Ml) connected to a remote fluid
drive. The half cell was connected to a preamplifier (PA) which is attached
to the amplifier (A) for intracellular nerve recording with which the
intorcellular potential could be measured simultaneously with the stimulating
current (Fig. 16, 17). These two waveforms were displayed on the oscllloscope
(0) and sampled on a Keithley data acquisition system (K) and stored on an IBM
compatible computer system with printer (P) and floppy disk (D) storage. The
electrical stimulus was generated by a dual channel atimulator (8) along with
a sync pulss to begin ths computer sampling and the oscilloscope wave trace.
The micro pressure injection system (P) used a micropipette was filled with
the stimulus chemical and attached to a specialized half cell (El). The
pipette was then positioned naar the cell under microscopic observation with a
second miocromanipulator (M2). The pressure injection system was driven by
pulses from the stimulator. A wire cage (8) was aleo installed around the
recording setup to imsolate the electrical noise from the high impedance
recording system. The microscopa was placed on a heavy metal plate using air
suspension to dampen vibration. For a detailed description of the system
components meo text.




Fig. 2 Photograph of the experimental setup showing the microscope on
the left (see Fig. 3 for detailed view of microscopic setup) and the rack
contalning the items of equipment on the right. EKach item of equipment has a
letter label attached. From the top of the rack down, there is the Kelthley
data acquisition eystem (G), isolation unit (F), oscilloscope (A), amplifier

system (B), electrical stimulator (C), analog tape recorder for backup of data
(D), and pressure microinjection system (E).




adult animals were successful, The possibility of using adult animals
expands the types of experiments that can be accomplished with this model
system (see above),

Component 4: Intracellular Recording. After 10-14 days in culture the

rat sensory neurons were found to have a normal range of resting potentials.
Some neurons exhiblted action potentials which likely contained a sodium
activated calcium channel. After taking care to maximize sterility, it was
possible to record from the preparation on different days. In some cares it
was possible to record from the same neuron on subsequent days, suggesting the
possibility of following the changes in a group of cells during chronic toxic
exposure and/or chronic treatment for toxic exposure.

H . After
communication with Air Force persommnel, an environmental pollutant was
selected and administered to neurons during intracellular recording. The
neuron’ s responses to hyperpolarizing and depolarizing electrical stimuli were
observed before and after the treatment with the pollutant; hence,
demonstrating the feasibility of this model system to accomplish the goals
outlined in phase I,

GENERAL METHODS

The experimental setup described below was used through a subcontract
with the Department of Physlology of the University of Utah Medical Center, as
administered through the University of Utah Experiment Station. Data were
taken to Topical Testing laboratories for analysis, It was a major advantage
to use the University facilities because of the variety of equipmont available
which could be evaluated for development of an optimal system.

Component 1: Hardware. The in vitro recording system had a number of

subsystems,

Recording System., Neurons were impaled with a fine tipped microelectrode
filled with RCL (3M) solution. The solution made electrical contact through a
silver/silver chloride interface which was configured either &s a long wire
which is inserted into the 2lectrode or as a pellet which is incorporated into
the half cell (E.W, Wright, EH.1MS) that held the microolectrode. In either
case, the half cell was then attached to a preamplifier through a banana-type
connector, The amplifier system was a high impedance, praamylifier/amplifier
system (WPI model M4-A Microprobe System, input impedance 101°Q). The current
and voltage outputs from the amplifier were then fed to the oscilloscope for
display (Tektronics, D1l storage) as well as to the computer for sampling (see
above). The tip potentials on the electrode and any other offset potentials
were compensated for with an offset in the amplifier. Electrode impedance was
matched through bridge circultry and capacitive compensation was used to
minimize stimulation artifacts. A dual channel stimulator (Ortec 4710)
generated sync voltages to the oscilloscope and computer as well as stimulus
current. The stimulus current was fed through an electrical isolation unit
(Grass, ISU-5) which was switched between positive to negative polarities to
generate hyperpolarizing (negative) and depolarizing (poasitive) currents. The
syn¢ pulse from the stimulator was fed to the computer to start the data
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sampling run., Typlcally the duration of the hyperpolarizing or depolarizing
pulses was 50 msec and began 10 msec following the sync pulse. The second
channel of the stimulator was used to drive a pressure injection system (see
below).

Micromanipulators. Two manipulators were necessary, one to position of
the recording plpette and the other to position the micreinjection pipeatte
(see below, Results Obtained section for a discusgion). The micromanipulators
ware secured to magnetic bases which was attached to a heavy iron base plate.
To minimize vibration, the base plate was suspended using small intertubes,
For heavy plates, tennis balls were also effective. The setup was located on
the basement level of a relatively vibration free building. For environments
with higher levels of vibration, it may be necessary to use a vibration
damping table. However, for impaling neurons it was essential to have a
remote drive (Z-axis) to minimize mechanical movement that occurred at the
electrode tip while the electrode was being advanced toward the cell. As an
improvement, a remote fluid drive (Trent Wells) waa able to produce smooth,
reproducible movements by changing the fluid from aqueous to a brake fluid
(DOT3).

Microelectrodes. Initial experiments used a vertical puller (David Kopf
Instruments, models 700C and 700B) to obtain microelectrodes relatively high
impedance using capillary filament glass (15-33 M), A Sutter Instruments
(Flaming Brown, model P-87) horizontal puller was evaluated, It had precise
control over several parameters of the pull including filament temperature,
the velocity and timing of pull, and the number of pull repetitions.

Microscope system. An Olympus inverted microscope (Fig. 3) was used in
these experiments (Olympus IMT-2), The Olympus system had a camera port in
the front of the microscope to which an Olympus camera was attached for
photography,

Pressure Injection System. The pressure injection system (built by the
shop personnel of Topical Testing) had two channels. Pressurized gas (100%
nitrogen, compressed) was passed through a regulator and fed directly to a
solenoid valve which controlled the high pressure system. For the low
pressure system, the high pressure line was fed to a second regulator which
could vary the pressure from 0-20 psi. Thus, there was a high and low
pressure range on each of the two channels. For the experiments described
below, the solenoid value in the pressure line was controlled by an electrical
stimulator (Ortec 4710) using 200 ms pulses at 4-5 psi with a 1 Hz repetition
rate, The pressure line from the injection system was fed to the side port of
a specialized micropipette half cell (E.W. Wright, model EH-2MS). The
micropipette was then filled with solution and positioned under microscopic
obgservation (200-400X) close to the cell being recorded,

; t . The current
experimental setup as configured during this phase I grant application
consisted of an IBM compatible computer (808286, 16 MHz, 40 megabyte hard
drive) attached to a Keithley Data Acquisition System (model 570, 12 bit A/D
converter) which sampled the data from the two channels on the oscilloscope,
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Fig. 3 Shows the inverted microscope (M) resting on a heavy steel plate
and supported by minlature inner tubes. Micromanipulators (I & N) are
attached with mninctic bases. The manipulator on the left holds the
microinjection pipette while the one on the right (N) holds the fluid drive
and the half cell which holds the recording pipette. The fluid drive ins
connected to a remote control on the right (L) which is resting on the table,
off the base plate, sc as to minimize any mechanical disturbance during
positioning of the micropipette. The housing (from Hoffman) for tha condenser
lenses (J) is of minimal size and hence maximizes the room for positioning the
micropipettes. The specialized petri dish holder (K) is shown in more detail
in rig. 4. A camera (O) attached to the microscope system for photographic
records.
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one channel being the intracellular voltage recorded with the micropipette and
the other being the current (either hyperpolarizing or depolarizing) injected
into the cell through the microelectrode, A program listing 1s given in the
Appendix of the Final Report.

Component 3: Tissue Culture. Rats were used as an experimental model to
obtain neural and epithelial cultures. Rabbits were used in a few
experiments.

Establishment of Neural Cultures, Tissue from fetal rats were observed
at 16-21 days gestation. The pregnant animals were anesthetized with
pentobarbital (L{.p.) and the fetuses were removed through an abdominal
incision and euthanized via cervical diglocation, The fetuses appeared to be
anesthetized along with the mother. A midline incision was made in the skull
and the central nervous system dorsal to the trigeminal gangllon displaced
with a rounded probe under microscopic observation (Wild dissection scope,
model M5, 10-25X). The ganglion was isolated with blunt dissection, gently
freed from surrounding connective tissue, cut using microscissors and placed
into sterile tissue culture media., Standard tissue culture sterile technique
was followed, For example, surgical instruments were autoclaved before use
and dissection was done under a sterile hood, Animals were dipped in alcohol
after euthanization to maintaln sterility and the laminar flow hood was
sterilized with UV light for 20 minutes before use.

Trigeminal ganglia were extracted from 18-21 day Spraque Dawley rat
embryos after euthanization of the mother with on overdose of pentobarbital.
The ganglia from 10-15 rat embryos were removed under sterile conditions,
pooled in Ca*?/Mg*? free Hanks Balanced Salt Solution (HBSS) and gently teased
apart with fine tipped forceps. The tissue was then transferred to 2 ml of
0.25% trypsin in Ca*?/Mg*? free HBSS and incubated at 37°C for 40-45 min,

After incubation, the tissue was centrifuged at 300 g for 10 min and the
trypsin solution poured off. The tissue was washed once with DMEM 10/10,
recentrifuged and resuspended in 2.5 ml of DMEM 10/10 with 1 ug/ml of 78 nerve
growth factor (Collaborative Research). The tissue was dissociated into a
cell suspension by gentle trituration with a small diameter, fire polished
Pasteur pipet., Aliquots of these dissociated nerve cells was seeded onto
tissue culture plates. After incubation of the cultures for about 24-25 hrs
at 37°C in a humidified 5% CO, atmosphere, the neurons attached to the surface
of the collagen and the background cells began to proliferate. At this time,
the chamber was sometimes treated with the antimitotic agent, cytosine
arabinoside (10 uM in HDMEM), to reduce the background of non-neuronal cells.
This treatment continued for 24 hrs, after which the neuronal cultures were
maintained in HDMEM for the remainder of the culture period. Within 7 to 10
days the nerve cells generated neuritic processes,

Isolation and Culture of Corneal Epithelium., Eyes were dissected from
Spraque-Dawley rats (250-500 gms) which had been euthanized with pentobarbital
overdose and placed in Hanks Balanced Salt Solution (HBSS) with 500 ug/ml
Gentamicin as soon as possible after dissection., Under sterile conditions,
the dissection of the cornea along the boarder of the limbus was visualized
with a dissecting microscope (Wild, MSA 12-15X) with care to maintain all cell
layers intact and to avoid contamination with cells from the conjunctiva or
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iris, Corneas were rinsed three times in HBSS, cut into approximately 8-12
pleces and then incubated for 45 minutes at room temperature in Dispase II
(1.0 U/ml in Ca*? and Mg'? free HBSS), a bacterial neutral protease
(Boehringer-Mannheim Laboratories, Inc.), While in the Dispase solution,
pleces of epithelium were peeled from the stroma with fine forceps and placed
in cornea culture media (Chan & Hascke, 1982),

Dissocisted cells were placed in 35mm Falcon or Corning culture plates
which had been prewet with a small amount of culture media. The culture media
consisted of 1:1 mixture of Dulbecco’s modified Eagle’s medium (DMEM) and
either Waymouth’s MB 752/1 or Ham’s F12 (Gibco) supplemented with 5% fetal
bovine serum (KC Biological, Inc.), 10 ug/ml insulin, 1 ug/ml hydrocortisone,
50 ug/ml Genamicin (all from Sigma) and buffered with 15 mM HEPES. 1In later
experiments, keratinocyte growth medium was substituted (Clonetlics: epldermal
growth factor, insulin, hydrocortisone, Gentamicin, Amphoterin, calecium)., The
plates were incukated 30 minutes at room temperature with care taken to avoid
dehydration. Subsequently, 0.5 ml of culture media was added dropwise to each
plate. The cultures were subsequently fed twice weekly with fresh culture
media and monitored regularly by phase microscopy (Forbes & coworkers, 1984).

Isolation and Culture of Conjunctival Epithelium, The eye ball was
removed as described above and placed in CMFS, Under a dissecting microscope,
the whole sheet of conjunctival epithelial tissua, was isolated from the
limbus, The whole conjunctival sheet was rinsed three times with CMFS, then
sscured onto a sterile paraffin-layered 60 mm dish plate and subjected to
Dispase II (1.0 U/ml) treatment at 37°C for 3 hrs in an incubator under 5% CO,
and 95% air. The conjunctival epithelial cells were dispersed from the
surface by gentle pipetting several times with CMFS, Cells were finally
collected by centrifugation at 800 g for 5 min, (Tsai and Tseng, 1988).

Tissue Culture Templates. Tissue culture chambers were prepared
according to the method of Ziegler and Herman. After coating 35 mm Falcon or
Corning tissue culture plates with 0.5 mg/ml calfskin collagen (Vitrogen 100,
Collagen Corp., Palo Alto, CA), a series of 20 parallel scratches about 360 um
apart were made in the collagen coating and the superficial surface of the
culture plate. These scratches were made using a rake consisting of (20
insect pins cemented together) and then pulling across the collagen surface in
one even stroke. An 8 mm glass c¢loning cylinder (Bellco Glass, Inc.,
Vineland, NJ), with one t¢nd covered by a fine ribbon of high vacuum silicone
grease (Dow Corning, Midland, MI), was secured to the collagen surface with
gentle pressure. In other cases, the teflon templates of different sizes and
shapes were evaluated (Fig 5). If the level of medium in the inner chamber
dropped significantly prior to plating the nerve cells (indicating a leaky
seal), the culture plate was discarded (Forbes & coworkers, 1987).

RESULTS OBTAINED
The purpose of this phase I study was to determine of the feasibility of
using an ip vitro model to approximate the peripheral nervous system component

of eye irritation tests which have traditionally been dcne on awake animals.
The tissue culture system was complex in that it contained a number of
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Fig. 4 Shows a specialized base plate for the inverted microscope (Fig.
3). The plate is made of machined plastic and holds the petrl dish securely.
Note that the entire bottom of the petri dish is visible. ©On the top of the
plate is a clamp which is machined to hold the ground wire (which is removable
and made of silver with a silver/silver chloride coating). This specialized
assembly was made by Topical Testing shop facilities.
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Flg. 5 Shows various sizes of templates used to limit the growth of the
tissue culture in the petri dish., The templates were made of taflon and
machined to precisely fit within the petri dish. Sterilized silicon grecse
is used to seal the chamber to the bottom of the dish and prevent leakage of
cells and media. On top are shown the different mizes of circular templates
used to study the effect of cell density on neuron and target cell growth and
function (mee Task 9 in phase 1l proposal). The bottom template is keyhole
shaped in which the cells are plated into the eslongated area. The round area
at the top of the keyhole structure is used to feed the cells. Hence, this
template has been used to study both guided axon growth and the effect of
having a high density of neurons plated in a small area.
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Fig. 6 Shows a picture of the injection pipette at 200X view. The
pipette was fllled with fast red dye to mark the arsa injected. The injection
pressure was 5 psi, duration approximately 500 ms.
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functional components. One objective of this proposal was to determine
whether these components could be brought together into a system which was
viable for phase III commercial development.

Compenent 1: Hardware Integration. There were a number of pieces of
equipment necessary to perform the required job as described above. Thess
included the neural recording, pressure injection, data acquisition, and the
microscoplc systems. The evolution of each system is discussed below,

Microscopic System. The microscope’s (Fig., 3) base plate had a circular
hole in the center to pass light from the objectives lens through the
preparation, The petri dish was placed over the hole and the base plate moved
manually using X- and Y-position controls to observe the tissue, This base
plate system was found to have major disadvantages. The hole in the plate was
not big enough for the whole petri dish to be observed, the petri dish was not
secured to the plate and the ground wire for electrical recording was not
attached the base plate. Hence, a new plate was fabricated by the shop
personnel (Fig. 4) which was made of plastic and was thick enough that the
petrl dish could be securely mounted inside the hole and was machined such
that the entire base of the dish could be viewed through the microscope. In
addition, a ground.-wire holder was mounted to the base plate which allowed the
ground wire to be easily raised and lowered into the tissue culture solution,
An additional advantage was that by having the ground-wire attached to the
base plate, it was possible to rotate the whole preparation without disturbing
the ground and hence find an optimal orientation for aligning the
microelectrode with the neuron to be studied,

Initially the microscope was fit with a 10X bright field objective and
20X and 40X phase objectives. The 20X and 40X phase objectives were ultralong
working distance in order to focus through the petri dish. Adjustable rings
were beneficial in that the working distance of all objectives could be
adjusted so that the focal plane remained the same for all magnifications,
Hence it was possible to efficiently switch from one power to another without
refocusing, In addition, it was found that phase produced a clearer image
than bright field. Thus, all objectives were eventually changed to phase
contrast., In order to impale a neuron, the microelectrode was lowered into
the solution and then gradually and carefully brought into alignment with the
neuron to bs studied, Whan the electrode first entered the solution, it was
important for the expsrimenter to see the electrode’s location in the bath and
hence, position it accurately. It was found that the 10X objective had too
small a field to locate the electrode when it first entered the tissue culture
bath, Hence, it was necessary to install a lower power objective (4X phase),

The microscope was also equipped with Hoffman objectives (20X and 40X)
which enabled viewing of the cell surface (Figs. 8, 10, 12). The phase and
Hoffman condenser lenses were fitted on a slide condenser system obtained from
Hoffman which allowed two condensers to be mounted on a slider mechanism. To
change condensers, one slider was pulled out from the front of the microscope
and the other slider inserted. This slider system had the great advantage
that it was narrow (took up very little room) and hence presented a minimal
interference with positioning the microelectrodes.
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The microscope’s power supply was found to generate electrical noise
which had to be screened with grounded metal plates and foil, It is
recommended that a DC power supply be implemented, It was also found useful
to place a grounded cage uver the setup to eliminate electrical interference
from the surrounding environment.

Microelectrodes. Two types of micropipette pullers were evaluated. The
vertical pullers (Narishige) were found to be inadequate for recording in
tissue culture in that the pipette produced mechanical distortion of the
neuron before penetration of the cell membrans, often resulting injury to the
sensory cell body as indicated by a low, unstable resting membrane potential
and short recording time. Cells were difficult to penetrate and in some cases
cells loat thelr attachment with the collagen sublayer. In contrast, the
horizontal puller (Sutter Instruments) produced sharp tipped pipettes of high
impadance which often allowed penetration of cells without noticeable injury,
It was necessary to silver/silver chloride both the ground wire which had been
installed i{n the system and the microelectrode half cell (holder) which
contained either a silver wire or a silver pellet inside the half cell,

With some experimentation it was possible to obtain the electrodes with
a very fine taper and impedances ranging from 60-120 MQ with the horizontal
puller. These electrodes had the advantage that they seemed to be very smooth
and sharp and hence were able to impale cells with little damage. Hence,
recording stability increased substantially after switching to the Sutter
puller. The puller had a digital memory which allowed storage of several
different stimulus protocols. Thus, it was possible to switch protocols and
produce either recording pipettes or pressure-injection pipettes with a high
degree of reproducibility and acscuracy. The pressure-injection micropipstte
had about a 5-7 4 tip (1-3 MOQ resistance when filled with (3M KCl) and no
capillary filament (1.5 mm, o.d., A-M Systems #50328)., It was found that by
using this diameter efficient injections could be obtained while the tip was
small enough that the solution did not diffuse out of the electrode prior to
the pressure injection.

Micromanipulators. Two Narishige motorized, mechanical drive
micromanipulators with remote control were evaluated. One (model SM-21) was
not of proper design for tissue culture in that it was heavy and its X and Y-
axes were difficult to adjust. In addition, the Z axis was rather course for
these experiments. The second Narishige (model ME-71) was adequate for cell
penetration; however, it was an older model and was not linearly controllable
over much cf its range. A third model tested was a Narishige manipulator
without manual mechanical remote control (model MP-2). It was found that
without remote control there was too much random movement of the micropipette
tip for the adequate cell penetration. To improve this system, a fluid drive
with remote control (Trend Well) was mounted to the manual manipulator. The
fluid drive was founid to be more effective when filled with brake fluid (DOT3)
rather than the aqueous solution, However, the fluid drive manipulator also
had a problem of mechanical hysteresis in that it would track linearly when
approaching a cell but would scrape on the collagen substrate on retraction
(see below). Howaver, this configuration was adequate for cell penetration
and was used for the recordings described below. A preliminary evaluation of
the Huxley atyle manipulator showed to be relatively low in cost ($2,500-
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3,000) and to provide excellent mechanical stability. Howaver, our
evaluations show that it also contains mechanical hysteresis. Therefore,
recommendations for phase II work includes the use of & Huxley style
manipulator (e.g., WPI, Model M757) with a remote controlled, Z-axis
manipulator without mechanical hysteresis such as a piezo electric microdrive,

: »  The Keithley data
acquisition systenn was difficult to install. For example, the one chosen for
our experiments, a clone system (Burgoyne IBM clone 80286, 16MHz, IM RAM) was
unable to sample at rates greater than 6 kHz total through put (although
Keithley’s specs showed a 33 KHz maximum sampling rate in the single ground
mode), Topical Testing peraonnel had several conversations with Keithley but
were unable to resolve the issue., Fortunately, the 6 kHz rate was adequate
for the current application., The personnel of Topical Testing have had
oxperience with the Keithley system on a number of computers (Zenith 286, IBM
XT, AT&T 286) and have found that each installation required a substantial
commitment of effort and time. Hence, from this preliminary observations, it
was concluded that for phase II development, Topical Testing will evaluate '
other data acquisition systems to determine which will work on a variety of
IBM compatible computer systems without substantial installation costs.

The software was written by the principal investigator in compiled BASIC
(Microsoft Quickbasic Ver, 4.0), This data acquisition program operated
within Quickbasic environment with the use of Keithley’s Quick500 data
acquisition software., A sync pulse from the stimulator was used to trigger
the Keithley system to start sampling for a duration (100-200 ms) which was
adjustable. The sync rate was initially set to 1 Hz. The hyperpolaxizing and
depolarizing DC current pulses were usually 50 msec in duration and were begun
approximately 10 msec after the start of data sampling. With this stimulus
paradigm it is possible to rocord the amount, timing and polarity of the
hyperpolarizing and depolarizing current pulses as well the resulting charges
in membrane voltage. Provisions wers made in the software to record membrane
potential following the chemical stimulus without current stimulation. The
two data files for stimulation and the niembrane voltage were recorded in a
digital file along with an ASCII file describing the parameters of the
stimulus and other variables, Hence, it was possible to load the ASCII
information file and the two data files into a spreadsheet format for
subsequent analysis. The listings for the programs discussed above are
contained in the Final Report (Appendix).

: . The culture of target tissue (corncal and
conjunctival epithelium) followed standard protocols as described above.
However, modifications were necessary,

Corneal Epithelium, 1t was found that for dissociation of corneal
epithelium it was helpful to leave the epithalium in the enzymatic solution
for a longer period than called for i{n the original protocol. Because neurons
had besn found to grow adequately on a collagen substrate. We therefors tricd
using collagon for our corneal epithelial cultures and were not obtaining
great success. Therefore we began experimenting with other substrates (e.g.,
laminen and Matrigel). In general we observed that the epithelium that was
dissociated epithelial cells tended to stick better to the substrates than did
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fragments of epithelial tissue. Increased enzymatic dissociation time
enhanced cell dissociation. Eventually we were able to grow corneal
epithelium in cultura changes in protoeol included adding epidermal growth
factor to the culture medium and it appeared to be important to place the
cornea immediately on ice after extraction, The Matrigel and laminen did not
appear to have obvious advantages over the collagen as a substrate and,
especially Matrigel seemed to have the disadvantage of producing a glare when
viewad microscopically auch that it was difficult to focus on the individual
cells after plating, We have been able to grow the corneal epithelium for up
to 3-4 weeks (Figs. 7 & 8). The epithelium grows in clusters and near the end
of the growing cycle small fascicles appear in some of the cells which
probably indicates that it is near the end of i{ts growth period. \

Conjunctival Cultures., The dissociated conjunctival epithelial cells
were dissociated using a protocol as described above (Figs, 9 & 10). As with
the corneal epithelium, the conjunctival cells were spherical in shape when
first dissociated., After plating, cells began to attach to the collagen
surface within 24 hours and continued to attach for sevaral days,

Neuronal Cultures. The neuronal cultures (Figa. 1l & 12) were obtained
as discussed above. The ganglia were difficult to differentiate from
surrounding tissue with the younger animals (less than 16 days). By 18 days
ganglion were clearly discernible, In newborn rats (1-5 days) it was possible
to claarly identify the ophthalmic and major branches of the trigeminal
ganglion,

The neurons appeared to grow equally well on collagen, laminen and
Matrigel and hence we chose to continue using the collagen. For neuronal
dissociation, the isolated tissue was placed in dissociation media in a
culture tube and the tube was positioned close to horizontal in an oscillating
water bath using a holder designed by the shop facilities. Gentle mixing
snhanced the dissociation while lessening cell damage. An even greater
improvement in dissociation was due to the more precise localization of the
sonsory cells in the ganglion and hence be able to trim off as much excess of
the nerve fiber filaments as possible before beginning the dissociation. We
speculate that in the original protocol cell bodies that were sticking to the
fibrous tissue and hence being removed with the media change rather than
being suspended in the aqueous solution and gradually settling onto the
collagen substrate., Hence, by minimizing the fibrous tissue, it was possible
to greatly enhance the yield of neurons,

At first the cells were dissociated by taking the whole ganglion plus a
small length of nerve track above and below the ganglion and cutting it into
smaller sections. However the yield of neurons was low using this procedure.
Gradually, over the six month grant period we were able to identify the
sensory neurons mors accurately and with greater confidence. Initially it was
difficult to determine precisely what the location of the cell bodies of the
trigeminal ganglion; however with the assistance of a coworker (Dr. Alcayaga)
the Principal Investigator was able to compare the sensory neurons in the in
vive rat cervical ganglion with the trigeminal preparation and learn to
idontify the trigeminal sensory neurons. It was possible to identify their
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Fig. 7 Illustration of corneal epithelium as vieved under phase
microscopy. The top two photos show corneal epithelium growing towards
convergence ten days after plating (left, 200X; right, 400X). The bottom
panel shows "mature" corneal spithelium seven weeks after plating in co-
culture (Fig. 13).
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Fig. 8 Illustration of corneal spithelial cultures shown in Fig. 7 as
vieved under Hoffman optics. (Left, 200X; right, 400X).




Fig. 9 Conjunctival epithelium at ten days (left, 400X) and seven weeks
(right, 200X). Phase optics,
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Fig. 10 Conjunctival epithelium after ten in days culture (left, 200X;
right, 400X)., Hoffman optics.
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Fig. 11 Neurons in culture, thres days after plating. No fibroblast
inhibitor (e.g., cytosins arabinosids) was given: hance, the neurons wers
groving on & fibroblast network. The neurons are shown with phase optics
(upper left, 40X, upper right 100X, lower lsft 200X, lower right 400X). As
shown under the highest magnification (lower right) the neurons (arrows) are
often oval in shape and "light-up® with phase optics wagnification,
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Fig. 12 A neuron vi
process extending off the cell body.

exhibited action potentials when depolarized,

neuron,
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eved under Hoffman optics (400X%)., Note the axonal

This cell was recorded from and
thus confirming that it was a



appearance under the dissection scope in the animal and after the ganglion had
been isolated in media at 20-50X. The ganglion cell bodies were located in
small protruding areas on the dorsal surface of the ganglion and had a more
distinctive vascular supply and slightly darker appearance than the
surrounding ganglion tissue which contained nerve fibers and connective tissue
and hence can be trimmed off the top of the ganglia after they have been
isolated in culture media. It was discovered that by harvesting only the
segments of ganglion containing cell bodies it was possible to greatly enhance
the yield,

We experimented with different sizes of plating areas in a dish. As
described above, this was accomplished by constructing templates of different
sizes and shapes (Fig. 5). To limit cell migration, the template was secured
to the collagen surface with sterilized silicone grease. The teflon templates
were sterilized by autoclave and reused numerous times., Preliminary evidence
suggested that suggest that axon sprouting may be enhanced at higher all
density. For example, in cultures where a long, thin template was used
(similar in shape to a keyhole), the neurons seem to form a more substantial
network., Scratches in the collagen surface controlled the direction of axon
sprouting such that axons tended not to cross over scratch marks and hence
directed growth could be obtained, Other templates were doughnut shaped with
various size holes (Fig. 5). Templates could be removed without disturbing
the neural network and hence might be a valuable tool in the future to focus
the growth of epithelium and neurons to a smaller area on the petri dish so
that they can be efficiently studied. Generally neurons established axons in
about 7-10 days and cultures have been maintained up to 10 weeks.

In addition to experiments performed on fetal and newborn animal,
neurons from adult rats (250-500 gms) were successfully accomplished., The use
of the dissection procedure which separated the cell bodies from fibrous
tissue (see above) greatly enhanced the yield from adult animals using
protocols used for fetal rats. The use of adult animals might be advantageous
in some experimental designs. For example, adult animals could he exposed to
environmental toxins for a control period of time and their neurons cultured.
Through comparisons with unexposed rats, tissue culture could help reveal
whether in vivo exposure had a long-term influence on sensory nerve function.
These results could then be compared to those obtained when the neurons are
first exposed to the environmental chemical during tissue culture, Hence, a
determination could be made if exposure to the toxins has a similar effect on
the neurons whether it is iy vive or inp vitre. In addition, the exposure of
the animals to & toxin in vive would be analogous to the situation in which
the human work force is exposed to environmental pollutants.

A few cultures of rabbit trigeminal ganglia and corneal epithelium were
obtained from newborn rabbits, using protocols similar to those described
above for rat, thus demonstrating the feasibility of the phase II rat/rabbit
comparlsons outlined below.

Co-cultures. The corneal and conjunctival epithelium (Figs. 13, 14)

began to attach to the collagen subsrrate within 24 hours of plating and
approached confluency (depending on the number of cells plated) 'n about seven

28




LAl
(o8

o AR R TS

Fig. 13 Illustration of neurons grown in co-culture and different
patterus of growth seen in different sections of the tissue culture. Tho
epithelium was plated first (seven weeks prior to photograph)., Neurons were
then plated four weeks after the epithelium (two and a half weeks before the
photograph was taken). The figure is divided intn two parts, In Fig. lla,
the top left panel shows a clustering of nerve cells which often occured in
culture. (The dark, circular area in the left lower quadrant of the photo).
The upper right panel is a magnification (400X) of the upper laft panel
showing axonal processing extending from the mass of neurons (sse arrows).
The bottom photo shows an isolated axon with a neuronal process running to the
right and terminating in the timsus on the right had side of the photograph
(400X). Phase optics,
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Fig. 13b Shows another part of the tissue culture where the neurons
ware growing on top of a dense population of cells (probably a mixture of
fibroblast and epithelium). The neurons in the upper panel are oval shaped
(arrows). The halo of light is produced by the phase optics. The lower
panel shows an illustration of mature epithelium (400X). Phase optic:.
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days. Consequently, it is estimated that a minimum of 17 days will be
required before a co-culture preparation is ready for study (7 days for the
initial epithelium growth plus another approximately 10 days for neuronal
growth), Lf the epithelial cells are allowed to “mature” before the neurons
are plated. Alternatively, minimum culture time may be reduced to 10-12 days
if epithelium and neurons are cultured simultaneously. Phase II1 experiments
are designed to test both strategies,

H . After 10-14 days in culture,
recordings (Fig. 14) showed neurons to have a normal range of resting
potentials of up to 70 mv, Neurons generated action potentials when the
membrane was depolarized to threshold levels (Fig. 15-17) and trains of action
potentials at suprathreshold levels of depolarization (Fig. 16). 1In some
neurons, action potentials exhibited a "humped” shape upon their falling phase
which is likely due to calcium channel activation, There has been no evidence
of delayed rectification during hyperpolarization (Fig. 17). Drift, or
instability, of the DC recording was reduced by silver/silver chloriding the
sllver ground-wire in the microelectrode half cell. Additional stability was
attained by touching the silver ground and recording surfaces together in a
completed electrical circuit for several hours to equalize thelr surface
potentials. As described alsewhere, impalements were improved by using high
impedance pipettes (60-120 M) and by improving the manipulator aystem.
Neurons which had been in culture for 3.4 days were difficult to impale,
possibly due either to the flat shape of the cells before they reach maturity
and/or the outer surface of the neuton being too compliant to allow adequate
penetration, Our initial impression was that both might be significant
factors., However, after 10-14 days in culture, the impalements were obtained
more readily and the axonal growth was visible. Hence, initial observations
suggest that leaving the neurons in culture for about 10-14 days before
testing will be adequate.

H X . The Principal
Investigator on the proposal contacted the contracting officer who authorized
contact with Col. Harvey J. Clewell at Wright-Patterson AFB concerning a
pollutant that would be of interest to test, The Principal Investigator, upon
talking to Dr, Clewell, had further discussions with Marilyn George and
Nickolas Del Raso. It was determined that nonadecafluorodecanoic acid (PFDA)
was of interest, Following Mr. Del Raso’s suggestion, PFDA (1lOmg) was
predissnolved dimethylsulfoxide (DMSO) (5ml) and then diluted in distilled
water to a concentration of 50mg/ml., These operations were performed under a
hood using standard safety procedures. Pressure injection micropipettes (see
above) were then loaded with the PFDA and transported in a pipette container
to the recording setup. After impaling a cell for intracellular recording,
the pressure injection pipette was positioned under magnification (200-400X)
close to the neuron under study, The distance from the recorded cell was
determined previously by using a dye pressure injection to determine the
envelope (or area) which would contain the highest concentration of expelled
fluid (Figs. 6, 18). At the time of injection, the stimulator was used to
drive the pressure injection circuitry and the response of the neuron (grown
singly or in co-culture) to hyperpolarizing and depolarizing currents was
recorded before and during pressure injection of PFDA,
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Fig. 14 1Ilustrations of mic. ~pipettes (see arrows) impaling neuronal
cells grown in isolation (the left-hand panel, Fig. 11) and in co-culture
(right-hand pannel, Fig. 13). Phase optics.
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Fig. 15 Illustrates typical intracellular recordings (top trace) from a
neuron to depolarizing (A) and hyperpolarizing (B) electrical current (bottom
trace). The depolarizing pulse was at threshold amplitude (1.5 picoamps (pa))
and the hyperpolarizing pulse was 0.17 pa, The numbers displayed show the
output from a computer program which measures different parameters of the axon
potential. Membrane voltage, -42 mv; action potential, 56 mv; overshoot, 13
mv., Total time = 50ms,
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Fig. 16 Illustrates the typical response of a neuron to depeclarizing
current of increasing amplitude. In A and B, the depolarizing stimulus vas 10 )
ms in duration and was 0.5 and 0.71 pa, respactively. As the depolarizing
current was increased in amplitude, more action potentials were recruited.
The depolarizing current for D-F was 0.81, 1,47, 1,69, and 2,06 pa (50ms
duration), respectively. Membrane voltage, -55 mv. Total time = 50ms.
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Fig. 17 1lluatrates a commonly occurring svant which suggesed that a
sodium-activated, calcium channel may be a component of action potentials in
some neurons, A shows a typical action potential generated at the first of
the recording by a relatively low current (1.9 pa). After hyperpolarizing
stimuli were given (D and E), the sodium spike was blocked leaving a residual
voltage dependence spike. [Note that unlike a sodium spike which is an all or
none in nature (either none or it goes to full amplitude), the zpike was
voltags dependent in that action potential amplitude increased as the current
was increased,] For example, in B the action potential was smaller than in C
and the current was 3.3 pa in B versus 4,3 pa in C. D and E illustrate the
response to a hyperpolarizing pulse which was 0.78 pa {n D and 0,13 pa in E,
There was no evidence of delayed rectification in this neuron, which was

typical for the neurons sampled thus far. Membrane voltage, -52 mv. Total
time = 50ms,
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Fig. 18 1lllustrates the positioning (see arrows) of microinjection and
recording pipettes. The left-hand figure shows the silhousttes of the
injection pipette (left margin of photo) and the recording pipette (center of
the photo) under 200X magnification. The right photo shows the injsction
pipetts (lower left-hand corner) and the recording pipette (centex of the
photo) at 400X magnification, Note there was some fluid leaking from the
sjection pipette indicating that these pipattes should have a smaller tip
diameter to prevent passive diffusion of the chemical into the cellular
environment. Phase optics.




So far the neurons have not displayed a response to the chemical
stimulus, There are at least four reasons why this might have occurred: 1)
the neurons were too young to have a normal response to irritants (5-10 days
in culture from newborn animals), 2) the concentration of pollutant may have
been too low in that it might be binding to protein in the solution, 3) the
neurons may require a substantial innervation with target tissue before they
display a response to the environmental polluting agent, or 4) due to
micromanipulator instability, the neurons might require a longer exposure time
to the chemical stimulus than these feusibility experiments allowed (60-120
gec).

RECOMMENDATIONS FOR FURTHER DEVELOPMENT

The phase 1 feasibility study has demonstrated that the total package
for growth and recording of neurons in co-culture with epithelium as well as
the micro exposure of thess neurons in tissue culture to environmantal
pollutants, is a viable model, All components of this system have bsen tested
and are operational. A phase II grant application has been submitted which
defines a set of tasks which will lead to a commercially viable system
complete with the hardware and software components as well as a standardized
data base of tissue culture responses to a chosen set of environmental
pollutants, Sea the phase II proposal for further detalls.
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APPENDIX

The appendix contains computer program listings for software discussed
above,
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'filename: adc3.bas 1'11/27/8%3
*hit FU (NOT shift~FS: to run program

dis

= Ytrigeminal"
d2e = "caculture (Y/Ni"3 dlas = "
d3% = "type of coculture J."t1 dZa$ = "V
dds = "from,.": dsag = "rat"
dB4 =2 "from .. day old"r dSad o= M
des = "from ..weight": déad = "
d7% = "vecording .. days after culture": d7a$ = "
dg8% = "coculture was ., days old'": dBax = "o
g% = "chemical was ,,"1 cdas = 00
dite = "injected at time ..."t diQas = "
dils = Y"chemical conc was o0 "t dilat = HP
diz® v "chemical vl wag approv . "t diZas = "
dile = "template deeign was ,..": diBas = "
did4e = "initieal neursn cone wasg .. "1 didas = M )

atimdur = ,1; *wtimalus duratlicon was 100 me

DERUG & ©

TA/D rarge det ta +-10 valts

‘espected max voltage range of input signal is +<.2850 volts (250 ov)
Yeurrentesymlta,/L0 Moime wolbex (D, 08%104%-60 OR valtsgxSOx10##-3) thareforst
! current in manoampsyslteeIo

! tasreforet valte range of +=,250 v 18 curvent vange of +-12,5 na

YA/DumLvs mina O, A/Dunites maws $OFE
PA/Dvel bty mime 10, A/Dyvalts maw= +10
adunitmin = O adundtmax s 4036
advaltmin = =103 adveltmax = 10
"membrang volts mins =Z80mv, membrane volts mavws +280my
fmambrana cuvrent mina -12.5na, membrang currvent maxe +12,8na
Pyvalltratios /CA/Dmavt md03E =A/Dmind a0/ Commvial toasd e, 28 ~memvaltmin{e=-, 2%
valtratie = Q6 = O /1 GUE = (=, 28900
' e B.% A-Dunits: mv ooy SL1EN A/Dunits/vals
Yeurrabtdon JUaz/Dman{ad0eS 0/ DmanleQld S imemcur mans 212, nal) ~mameurmd i1, Jradd
CURRA™IOH = . O& « 00 v v tlaw® = C=10.T000) % 000000001 %)
' a  1EZS.8 AL te/na
'mambrangvaitasvalisratio « membraneA/Dunits

‘exdweting calibraticon wan neasured from calibration routine below
sampinyt ¢ o C030L: T Lhere was o301 me between sanples

BMPDURTIM = .31 ' oot sample lnterval too S00Ome

npaints! = SMPDURTIM / sampint

WHENS = DATES: REPM Dates wtring contdains nm-dd-yvy
MON% = LEFT®(WHEMS, 20

IF MONME = "01" THEM ONS = "JA"
[F MON$ = "0Og" THEN MONs = “FE"
IF MONS® = "0O3" THEN MCN$ = "MR"
IF MONS = "Q4" THEN MON& = "AP"
IF MON$ = "05" THEN MON® = "MY"
IF MON® = "DE" THEN MON$: = "JN"
IF MON$ = "07" THEM MON® = "JL"
IF MONS =~ "08" THENW MON& = "al®
IF MONS$ o ' 05" THEN MOMNS = “"EE"
IF MONS = "10" THEMN MONB = "QOC"
TF MONS = "11" THEN MONs = '"NO"
IF MON% = "{2" THEN MON® = "DE"

DAY$ = MIDSCWHENS, 4, &)
YRS = RIGHTSCWHENS, =9
WHENS = MONS® + DAY$ + YR®
CALL SOFTINIT

CALL INTT
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T e b A d Wil e bt " L hatihad s o k) DU VRPIRPRTY oy Letid @ s wan Abite FPPIPL U SV VS PRTa ey TR
‘ ~ 2 b
' inchO=zmembrana voltage
> « ' ipchl=membrana currant
. " digintedigital trigger to start sampling
- I slotd? = 41 glotEl = €1 chan®% = Ot chanlZ = 13 chanZZ = 21 chan3Z = 3t

. acclIW o= 133 gadnik = 11 minusiy = -1

: CALL IONMAMA("inchO", sloté€l%, chanOX, accllX, gainl¥%, minusli)

; CALL IONMANA("imehl", slot&X, chanlh, accli¥, gainl¥, minuelX)
CALL TONMDIG("diginG", #lot4d, chandi, -12

thl!t = 2400: thh! = thl! <+ 13t '"threghcold 1s im A/D unite

gutys = <13 ' -1 means use A/D units

cy% = Og ! O meanms don't cycle

sampint% = 103 'samplint interval set fast as S70 system can sample

DIM velisk(mpoints!), cuwrrentZinpoints!y, TICBUFL(E)
timcalflag = Q
o0 CLS v SCREEM &

PRINT " It want to calibrate time base, sat timcalflag+l in praogram.”
timcalflag = ©

80 PRINT

PRINT "lzdep=larice to threshald!

PRINT “"Iadepolarize bto two Xe threstold ©
PRINT "3shyparpolarizn to Snv”

FRINT "dsuhyparpalarize to 15my"

PRINT "Subyperpolarize to 40onv"

INPUT "€rreview datar ", n: PRINT

I THEN descriptars

IF n u v "ladepalarize bte threshold":s GOTO 50

IF n o 2 THEN descriptor$ = "Iadepzlarize to tws Xs threshold": GOTO B0
1F moa 3 THEN asucripbtuord = "2shyperpolarize to Smv't 3070 20

I¥ rn = ¢ THEN descriptor$ = “"d4=hyvparpolarize to 1Smv"y G070 290

IF n o= % THEN descraiptord » "S=hyparpoldrice ¢ 48mv's GOTO 90

'™ n o= & THEN 2000

BaTO 30

FO ZALL DIGINTRG(“diglin®", "ap", =1, "st", "', ayW)
ZALL AMINGC zvoitewrbuti', mpzants!, "inchO,ineni®, sampantkh, "welt
STLIVIMES = TIMES

1F DERUG = 1 THEN GOSUR 8300: ’printout of sampled values
THO T draw by 0 ek e b o o e e i 36 e o b ol o e o ko 0 3 e B K

nEl s 2ot e
widin = |
miryval'! = 1
maxyval! = 4095
pointl! = 4
colarlids = MY
widthlimtie = "1¥
coloras = "3"

widthlistas = "o

SCREEN 1, Ot ' SCREEM | wets CHAcard to medium rewolution mode (32002000
MESSABES® = WHENS® + " " + BTIMTIME®#

tOLOCATE 24,1 aelects the next to botitem line, 18t row, to write on

LOCATE 4, 11 PRINT MESSAGE® + ", " + descriptaors

'piot data

AL [RAPHO M rum Tt rgwkaety TR el e “ ,
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reduce”, -1, paintl!, npeints!, eufi)
CALL GRAPHI"zymltecurbuti”, widthlistids, colords, "pagec", minyval!, maxyval!,
reduce”, -1, paintl!, npaints!, eufid

' plot tic marks .

CALL ARMAKE("ZTICRUFX", n3!', widl%, "")

TICBUFZ(1) = 11 'zaerx

TICRUFZ () = Q096 / =

TICBUFZ(3) = #4026

CALL ARPUTI"ZTICRUFL", ni', n3', widlXx, """, TICRUFX ()
SCREEN 1

CALL BRAPHC("zticbufi", widthlistl$, colorids, "PAGED", minyval!, maxyval!, “nor
al', =1, ni!, n3!, euti?
CALL ARDELC("ZTICERUFZ")

' LINE draws & bow around area to graph
LINE (7, 9 -(312%, 1881, 3, B

WHILE INKEY® = "°®
WEND

CLS

SCREEN &

INPUT "Replot® ", flage: IF flags = "Y' OR flags = "y" THEN 150
SCREEN ©

IF timesnltlag = 1 THEN BOOO: "if calibrating time basae, skip the rewstl
CaLll arlasspavaltevvrhuti', lastp!): ’'read in # points sampled
DY INRUT “"Cave datbta, (YopdTe M, 0%
IF Q#® = "n" THEN 400
IF Q% s "N" THEN =00
IF Q¢ = "Y" THEN ZE0
IF Q% = "y THEN ZEO
GOTO 480
LEC GOBUE 40001 'define filename
GOSUR 40401 Tgtor data

0 Sl SARDELC"aviol saueigfd™)
b T RN
200 REM rmad dac@ fonm LGl 4K b b s o e Sk de b bbb e
FEINT "Read in dats"

BC3US 0Dy REM get falenama:
ZhnG IMEUT O Enter: M Lo oread response from nard disk, Foofrom floppy dish,
y G$

IF Q% a "H" G 33 = 'n" THEN Z030

IR 0% = QR D& = v THEN 2150

GOTO &0
TOX agediintd o2 "CraGERGONDATAN" + SETINES

eoveltCURSG = MO NQEAUNDATAH " e

BGOT0 2140

Tl i s

2130
asciinfs = "b1" + SCIINFs$
2ZvealtCURS » "Eg Y 4+ ZCUR®

160 OPEN asciinf® FOR INRUT AS #H!
INPUT #1, STIMTIME:, ADDINFO$, desc-iptors$, SMPDURTIM, lastp!
INPUT #1, voltratic, CURRATIOH, sampintl, adunitmin, adunitmax
INPUT #1, adveltmin, advoltmaw, npoints!, stimdur
INPUT #1, di%, dze, dl%, dd4s, dO%, dés, a7+, dBe, dvs, dios, dile
INPUT #1, dize, di3s, dids
INPUT #1, dias, dias, d3as, ddas, dSas, déas, d7as, dBas, dPas, didas, diilad
INPUT #1, dizZas, di3as, dlda¥ .
INPUT #1, Ei%, B4, &35, B48, EBYs, REe, R74, RE4, HHs, blod, bllw
INPUT #1, B1, B2, EZ, B4, B%, B&, BT, B B3, bld, bil: CLOSE &1
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> CALL ARLOAD("azvolteurbufid", IlvalbtCURS)
PRINT di4%; dia%
. PRINT di#; dZa%
e / PRINT d3%; dlas
/ PRINT dus; déas
PRINT d&#%; dSas
/ PRINT deE%; dEat
i PRINT d7%; d7a%
/ PRINT dB%; dfa%
PRINT d&%; dyas
PRINT si0%; didas
PRINT dil$; dila%
PRINT diis; diZa%
PRINT di3%; diZa#%
PRINT dias; didas
INPUT n
BOTO 15Q: 'araph data
BOO0 T @Nt@r TLLIENAME SIS h a0 Mg I 3 36530 36 I 0 B
PRINT "Current date= "; WHEN$: INPUT "Want to change (Y/N)7 ", flag$
IF flage «5% "Y" THEN 4018
4018 IF flags «F "y!" THEN <4020
PRINT "For date:JAmjan,FExfeb,MR=march,AP=zapril,MY=smay, JN=june"
REINT "JL=july,AU=aug, 8E=geps, OC2act, NO2nay , DE =dae, {for example:"
PRINT "MROSBE=Plareh 5,3&"
INPUT "Enter naw date: ", WHENS
020 INPUT "What's undt num Crum 1=01, maw=39)7 ", unitnumg
INPUT "What's run rumber C(run 1301, maw=2307 ", RUNNUM$
SCIINF#% = WHENS + unitnum$ + ", 1" « RUNNUMS: REM ascii imformation
ZvialtCLURE « WHENS + unitnung + ".D" + RUNNUM$: REM zeoft voltage % currant data
RETURN
ETnE SRR BRE YT E L LR TR F L BT LY T
INFUT "Additiznal description N COMMAS (IS5 CH MAX)s ", ADDINFO#
Vo= LEMCADDINFQOS)
IF ¥ » 25% THEN 2RINT "Message "p V - 285; " 2n. o leng, s BOTO 4040
azuviinfs = "Ci\ghdO\DATAN" « BCIINFg
2Zval tCURS = "Cu\gbhdO\DRATAN Y + Tynml CURS
G080 OPEN asciinft$d FOR QUTPUT AS H1
WRITE #i, STIMTIME®, ADDINFD%, descriptars, SMPDURTIM, lastp!
WRITE #1, voltratiw, CURRATIOHW, sampintZ%, adunitmin, adunitmax
WRITE #1, advaltmin, advoltmaw, npoints!, stimdor
WRITE #1, di¢, di¢, dZ34, da4¢, d58, des, d74, cB8%, 49%, d10%, dils$
WRITE #1, diZs, d13%, did4$
WRITE #1, dias, d2as, dlas, dda$, dS5a%, déa$, <7as, d8as, dias, diOas, dilas
WRITE #1, diZa®s, dldas, didas
WRITE #t, Ri%, Ri$, BZ%, B4e, ES4, HES, RB7¢, BB, EYS, blO®, blis
WRITE #i, ®1, EZ, B3, B4, BS, Be, B7, B8, B9, bi0, bils CLOSE #!
CALL ARLABEL ("rvaltcurbutil", degcriptors)
oAl ARBAVEC"sveitourbufid®, ZZvaoltCURs) ,
' INPUT "Make a backup on floppy disk™ ', Q%
' IF G% = "N" OR Q% = '"n" THEN 4030

THPUT "Imgert floppy disk in drive A and hit ENTER", Q%
asciinfe = "As" + SCIINF®

2Zval tCURS = "As" + ZvoltCURS

GOTO 4060
4090 RETURN

BOOD Y werwkrikskwx#TIME CALIBRATION ROGUTIMES
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o,

EAUL ARLGAD Tz letcurban", "27val tCURS)
PRINT dis; dias
PRINT d2%; dlas
PRINT d3%; d3as
PRINT d4%; ddas
PRINT d%$; dSas
PRINT d&%; dEas
PRINT d7¢; d7a%
PRINT dB%; dBa%
PRINT d#%; d9as
PRINT dios$; dica$
. ' PRINT dil%; dilas
. PRINT diZs; diZas
; PRINT di13%; di3a%
f PRINT did#; didas
: INPUT n
GOTD 180: '"graph data

OO0 7 @nter FLL@MAME Moo 3o 3 deode o o e o e b o e S 0 3996
PRINT "Current date= "; WHENS: INPUT "Want to change C(Y/NIT ", flags )
IF flags <> "Y" THEN 4015 |
4018 IF flage «» "y" THEN <4020 |
PRINT "For dateiJA=jan,FE=feb,MR=march,AP=april,MY=may, JN=juna" J
FRINT "JL-July,AU=aug,SE=sept,Dcumct,ND=nmv,DE=dec. Far example:"
PRINT "MROSBE =March &,88" |
INPUT "Enter naw data' 'y, WHENS® |
4020 INPUT "What's wunit num C(rum 1=01, max=29917 ", unitnums
INPUT "What’s run mumber (run 1=01, mawxw®E)v ", RUNNUMS
SCIINF$ = WHEN® + unitnum$é + ",1" + RUNNUMS: REM agcii infermaticn
2vaxltCURE = WHENS$ + wnitnum$ + “,D" + RUNNUMSY REM zsotd valtage % current data
RETURN

GO0 TEEIr @ R L AR NN R
INFUT "Additicnal descripticon NO COMMAS (285 CH MAX)s ", ADDINFOs$
V = LENCADDINFQE)
IF &V » 203 THEN PRINT "Mescage "j V - 285; " coh, too long.t GOTOD 4040
asciinfts = "CrA\ghsO\DATA\" + BCIINFs
2ZvltCUR®E = "Cingbhd4O\DATAN" + ZvaltCURS

4060 OPRN agciinft$ FOR OUTPUT AB #i
WRITE #1, STIMTIMES, ADDINFO#%, descriptor$, SMPDURTIM, lastp!
WRITE #1, valtratio, CURRATION, sampint%, adunitmin, adunitmax
WRITE #!{, advcltmin, advoltmaw, npaints!, stimdur
WRITE #1, di$, d3%, d3%, dés, dS5¢, dés, d7%, dB%, d9%, dios, diils
WRITE #1, diZzé, dids, dide
WRITE #1, dias, dias, dlas, dias, das, deat, d7a%, dBad¥, dIa%, diGas, dilas
WRITE #!, diZzas, dilas$, didas o
WRITE #1, Bi%, Bi%, B¢, EBd4e, BY&, EE$, B7$, EB8%, E9%, biOs, bils
WRITE #1, ki, E2, Bu' B4, BS, B&, E7, BB, B9, bl0, blis CLOSE #1

CALL ARLAREL ¢("zvoltcurbuti', descriptars)
CALL ARSBAVE("zvuoitbcurbufid", ZZvultCURe)

INPUT "Make & bachkup on floppy disk™ ', (%

IF Q% = "N" OR G% = "n" THEN 4090

INPUT "Insert fluppy disk in drive A and kit ENTER", Os
asciinfs = "Ap" + SCIINF®

LivoltCURS = "As" 4+ ZvoltCURS

GOTO 40e0
4090 RETURN

BOOY T waknnnsknninnewuTIME CALIBRRATION ROUTIMES
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- . e ceme

Call argeti(“:vmltcurbufk"; 1!,'nb£ints!, widthiisetls, "', valtelol)
CALL argeti("zvoltcurbufl", 1!, npointe!, widthlist2s, "", currenti(d)

CALL ariastp("zvoltcurbufi", lastp!)

PRINT "keithley array sample size: "; lastp!
PRINT "Bpecified sample size: "} npoints!
INPUT n

IF DEBUG = O THEN 8100

FOR 4 = 1 TOD %0
PRINT i, volteXdl), currentZdci)
NEXT i .

threshold = 28500
cureount = O
veltemunt = ¢
flag = O

Blao FOR & = 1 TO lastp! )
' PRINT 4, wvoltalicdidy " "3 threshald:s INPUT n

IF valevwader © threshold THEN 8150

IF flag = 1 THEN BRI&0

valtesunt = volteount + |

'OPRINT "vodbeount: " veltoouss: TNRUT s
tlag »

GRTO RIEQ
8150 flag = O
BlEg NEXT &

tlag = ©
" BX00 FOR i o= L TD lastp!
IF eurrentkcid & thraeashald THEN BISG
IF flag = 1 THEN BIE0
curgaurt = curcount +
flag = 1
BOTO 8ien
BLB0 flag = O
260 NEXT §
n s npyints!
PRINT "ecurcounty "; curcount
PRINT "valtcount:s "3 veltcount
INPUT "Enter time between impulses (mgd): ", interval
PRINT "eurrent tracer number of samples between pulses: "; n
PRINT "vihltage tracet number of samplas between pulsest "j n
PRINT "from current trace: time bebwesn camples: "} interval

PRINT "frem valtage trace: tuime between samples: "; interval
INPUT n
RETURN

B300 1 "debug prantout of sampled valit@shes s iemh bk n g4y

max'! = 30

PRINT "will display "j maw!y " pointe"
valued! = O

valuei! =

FOR dep! = 1 TO max!

DEP!'! = dep! + npointe!

NN NN

gareount
vialt cant
tn / curcountd
ey / valtesunt)

CALL argetvalf("zvaltcurbutk", dep!, -1, "inchO,inchi”, valumd!, aufi)
CALL argetvalf(zvoltcurbufi", DEFL!, -1, "inchQ,inchl”", valuel!, euf¥)

PRINT dep!, valuwe(!, DEP1!, valuael'
NEXT dep!
INPUT n

RETURN 45




